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SRZHUPHDVXUHPHQWZKLOHUHGXFLQJFDOFXODWLRQHUURUVLQWKHILQDO
GHVLJQ7KHSURSRVHG5&36LVGHVLJQHGXVLQJVL[VORWV LQZKLFK
HDFK VORW KDV WKH FDSDELOLW\ WR DFFRPPRGDWH RQO\ RQH FDU 7KH
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WKH5&36PHFKDQLVPDFKLHYHGXVLQJGLIIHUHQWDQJOHLQFOXGLQJ
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RSWLPXPFRRUGLQDWHSRVLWLRQVDQGWKHPLQLPXPSRZHUUHTXLUHG
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,Q WKH SDVW IHZ \HDUV WKH UDSLG LQFUHDVHG RI QXPEHU RI
YHKLFOHHDFK\HDU LVQRWFRPSHQVDWHGE\ LQFUHDVHGQXPEHURI
SDUNLQJ VSDFH $V D UHVXOW ILQGLQJ SDUNLQJ VSDFH LV QHDUO\
LPSRVVLEOH LQ WKH PHWURSROLWDQ DUHD HVSHFLDOO\ GXULQJ RIILFH
KRXUV,UUHJXODUDQGLOOHJDOSDUNLQJLQWKHVLGHZDONVDQGURDGVLGH
EHFRPHWKHQRUP0RUHRYHUWKHFXUUHQWFRQYHQWLRQDOSDUNLQJ
V\VWHPVFDQQRWSURYLGHDVDIHSDUNLQJV\VWHPLQZKLFKYHKLFOH
WKHIWDQGRWKHUFULPLQDODFWVZHUHUHFRUGHGHYHU\GD\
7KHUH DUH WZR W\SHV RI SDUNLQJ V\VWHPV LQFOXGLQJ
FRQYHQWLRQDOVHOISDUNLQJ DQG PHFKDQLFDOHOHYDWHG SDUNLQJ
&RQYHQWLRQDOSDUNLQJ LVFRPPRQO\XVHG LQ ,QGRQHVLD2Q WKH
RWKHUKDQGPHFKDQLFDOSDUNLQJLVDQHZW\SHRISDUNLQJV\VWHP
ZKLFKXVHVPHFKDQLFDODQGDXWRPDWHGV\VWHPZLWKDQHOHFWULF
SRZHUVRXUFHWRPLQLPL]HSDUNLQJVSDFHXVHGZKLOHPD[LPL]LQJ
QXPEHURIYHKLFOHVWKDWFDQEHSDUNHGVDIHO\7KHPHFKDQLFDO
EDVHGSDUNLQJV\VWHPKDVVHYHUDOW\SHVLQFOXGLQJURWDU\SDUNLQJ
V\VWHPPXOWLOHYHOFDUSDUNLQJRSWLPDFDUSDUNLQJDQGVSHHG\
WRZHUFDUSDUNLQJ>@,QWKLVSDSHUWKHSDUNLQJV\VWHPPRGHO
XVHGLVURWDU\FDUSDUNLQJV\VWHP5&36
7KHUHTXLUHGDUHDWRGHVLJQDQ5&36FDQEHFDOFXODWHGDV
WKUHHFDUVSDFHVKRUL]RQWDOO\ZKLOH LWFDQDFFRPPRGDWHVL[ WR
WZHOYH FDUV YHUWLFDOO\ >@ 7KLV V\VWHP FRQVLVWV RI VHYHUDO
SODWIRUPVIRUYHKLFOHVWRUDJHVORWVDQGLWXVHVDURWDWLQJHOHYDWRU
1DURQH HW DO >@ H[SODLQV DERXW VHYHUDO PRGHOV RI WKH
HIILFLHQWYHUWLFDOSDUNLQJV\VWHPVXFKDVLQWHJUDWHGFDUSDUNLQJ
VROXWLRQDXWRPDWHGFDUSDUNLQJPXOWLOHYHOSDUNLQJDQGURWDU\
SDUNLQJ V\VWHP7KH\ IRXQG WKDW URWDU\SDUNLQJ V\VWHP LV WKH
PRVWVLPSOHDQGHIILFLHQWSDUNLQJPRGHOFRPSDUHGWRWKHRWKHU
PHWKRGV5&36XVHVJHDUDQGFKDLQJUDWHRQWKHPRWRUWRGULYH
WKH FDU VWRUDJH VORW 5&36 KDV VHYHUDO DGYDQWDJHV LQFOXGLQJ
GHVLJQ DQG GHYHORSPHQW DUH VDIH IRU D YHKLFOH VDYLQJ WLPH
PRQH\DQGIXHOPLQLPL]HSROOXWLRQHFRIULHQGO\VWUXFWXUHDQG
WKH GHVLJQ FDQ DGDSW WR HQYLURQPHQWDO FLUFXPVWDQFHV XVLQJ
PRGHUQWHFKQRORJ\>@
2IWKHPDQ\DGYDQWDJHV5&36UHTXLUHVSURSHUSRVLWLRQLQJ
DQGSRZHUVXSSO\FDOFXODWLRQWRDYRLGIDLOXUH'HWHUPLQLQJWKH
ORFDWLRQ DQG GLVWDQFH RI WKH VORWZLOO DIIHFWPRWRU VSHHG DQG
SRZHUUHTXLUHPHQWV3RZHUDQGVSHHGUHTXLUHPHQWVZHUHDOVR
DIIHFWHGE\ WKHDPRXQW VL]H DQG ORDGRIHDFKVORW$OWKRXJK
PDQ\ UHVHDUFKHV KDYH EHHQ FRQGXFWHG RQ5&36 GHVLJQV EXW
GLIIHUHQW 5&36 GHVLJQ UHTXLUHG GLIIHUHQW NLQHPDWLF DQDO\VLV
ZKLFK DQDO\]H WKH WUDQVIRUPDWLRQ RI URWDWLRQDO PRWLRQ LQWR
WUDQVODWLRQDOPRWLRQ7KHUHIRUHWKHREMHFWLYHRIWKLVSDSHULVWR
FRQGXFWDNLQHPDWLFDQDO\VLVRQ5&36DQGWRREWDLQDQRSWLPXP
SRVLWLRQ DQG WKHPLQLPXPSRZHU UHTXLUHPHQW7KHPLQLPXP
SRZHU UHTXLUHPHQW ZLOO EH XVHG WR VHOHFW D SURSHU PRWRU
FDSDFLW\6LPXODWLRQZLOOEHFRQGXFWHGWRYHULI\RXUSURSRVHG
PRGHO
,, /,7(5$785(5(9,(:
7UDGLWLRQDOSDUNLQJV\VWHPVUHTXLUHGODUJHDUHDZKLOHWKH
VDIHW\DQGVHFXULW\LVQRWJXDUDQWHHG8VLQJ5&36FRQFHSWWKH
UHTXLUHGDUHLVDURXQGP>@)LJXUHLOOXVWUDWHVWKHZRUNLQJ
PHFKDQLVP RI DQ 5&36 7KH VWUXFWXUH RI 5&36 FRQVLVWV RI
VHYHUDOFRPSRQHQWVDQGSDUVDVVKRZQLQ7DEOH,>@)LJXUH
LOOXVWUDWHVRQHVORWLQ5&36ZKHUHDOOWKHFRPSRQHQWDQGSDUWV
DUHLQWHJUDWHG


)LJ:RUNLQJPHFKDQLVPRI5&36>@
7$%/(,&20321(17$1'3$572)527$5<3$5.,1*6<67(0
1R &RPSRQHQW )XQFWLRQ
 Pallet hanger 7KHSODFHIRUKDQJSODWIRUPVWUXFWXUH
 Hanger bar &RQQHFWRUEHWZHHQEDUDQGSDOOHWKDQJHU
 Platform %DVHIRUFDUSDUNLQJ
 Bar  &RQQHFWRUERWKRISDOOHWKDQJHU
 Frame bar 3ODWIRUPVXSSRUWLQJVWUXFWXUH
 Support bar 3ODWIRUPVXSSRUWLQJVWUXFWXUH


)LJ5&36SDUNLQJVORW
7KHUH LV D NLQHPDWLFV LQYHUVH SUREOHP LQ5&36 ,W LV WKH
PRVWEDVLFWKLQJLQPHFKDQLFDOFRQWUROV\VWHPGXHWRWKHFKDQJH
RISRVLWLRQDQGRULHQWDWLRQ0DQRFDDQG&DQQ\>@H[SODLQHG
WKDW JHRPHWULF IXQFWLRQ KDV WZR ZHDNQHVVHV )LUVWO\ WKH
IXQFWLRQ QHHGV D ORW RI WLPH LI DSSOLHG SUDFWLFDOO\ 6HFRQGO\
JHRPHWULFIXQFWLRQLVQRWDEOHWRILQGDOOVROXWLRQV7KHDQJOH
PRYHPHQWIURPWKHPDLQSLYRWSRLQWWRWKHVORWSRLQWIRUHDFK
URWDWLRQZLOOYDU\
7KH DQJOH PRYHPHQW LQ 5&36 LQYROYHV NLQHPDWLF
PRYHPHQW .LQHPDWLF DQDO\]HV SRVLWLRQ VSHHG DQG
DFFHOHUDWLRQRIDOOOLQNFDOFXODWHGUHJDUGOHVVRIWKHIRUFHVWKDW
FDXVHPRYHPHQW7KHPHFKDQLVPRINLQHPDWLF5&36FDQEH
GLYLGHG LQWR WZR W\SHV LQFOXGLQJ IRUZDUG DQG UHYHUVH
NLQHPDWLF )RUZDUG NLQHPDWLF DQDO\]HV PRWLRQ WR REWDLQ LWV
FRRUGLQDWHSRVLWLRQ[\LIWKHURWDWLRQDQJOHLVNQRZQ:KLOH
UHYHUVHNLQHPDWLFDQDO\]HVPRWLRQWRREWDLQLWVURWDWLRQDQJOHLI
WKH FRRUGLQDWH SRVLWLRQ [ \ LV NQRZQ  >@ 7ULJRQRPHWULF
HTXDWLRQFRXOGEHXVHGIRUWKLVSXUSRVH
0RWRUURWDWLRQLVDIIHFWHGE\WRUTXH(OHFWULFWRUTXHLVWKH
VWUHQJWKRIPRWRUURWDWLRQUHODWHGZLWKYROWDJHDQGFXUUHQWDV
VKRZQLQ(T
 ߬௘ ൌ  ሺ௉K଺଴ሻሺఠଶగሻ  
ZKHUH߬௘LVHOHFWLFWRUTXHPLVWKHDPRXQWRISRZHUJHQHUDWHG
ZDWWȦLVWKHURWDLRQDOVSHHGRIWKHPRWRUUSPDQGKLVWKH
PRWRU HIILFLHQF\ ,Q 5&36 QRW RQO\ HOHFWULF WRUTXH EXW
PHFKDQLFDOWRUTXHSUHVHQWVDVZHOO7KHPHFKDQLFDOWRUTXHLV
UHODWHGWRWKHIRUFHFDUPDVVDQGVORWPDVVDVVKRZQLQ(T

 ߬௠ ൌ ݓ ൈ ݎ ൌ ݉ ൈ ݃ ൈ ݎ 
ZKHUH߬௠LVWKHPDJQLWXGHRIPHFKDQLFDOWRUTXHNmwLVWKHZHLJKWRIWKHORDGNrLVWKHUHODWLYHSRVLWLRQRIWKHIDOOSRLQW
RIwWRWKHFHQWHURIWKHFLUFOHDQGgLVWKHJUDYLWDLRQDOIRUFH
PV7KHLOOXVWUDWLRQWRGHWHUPLQHWKHrYDOXHLHxmax
FDQEHVHHQLQ)LJ

)LJ7KHLOXVWUDWLRQWRGHWHUPLQHWKHr

,,, 0(7+2'6$1'0($685(0(1767(&+1,48(6
7KHPRGHOXVHGLQNLQHPDWLFDQDO\VLVWRSURGXFHDQ5&36
PDWKHPDWLFDOPRGHOLVVKRZQLQ)LJ,WLVDVVXPHGWKDWRQH
VORW FDQ RQO\EH RFFXSLHG E\ RQH FDU ,Q WKH SDUNLQJ V\VWHP
PHFKDQLVP DV VKRZQ LQ )LJ  WKHUH DUH DQJOHV T  DQG VORW
SRVLWLRQVLQFRRUGLQDWHV[\

)LJ5&36VFKHPH
7KH5&36GLYLGHVLWVDQJOHLQWRVL[SDUWVLH
DQG
 7KH GLYLVLRQ LV EDVHG RQ WKH FKDQJH RI WKH URWDWLRQDO
PRWLRQWRWKHWUDQVODWLRQDOPRWLRQYLFHYHUVD
7KH GLYLVLRQ RI WKHVH DQJXODU YDOXHV LV EDVHG RQPDQXDO
PHDVXUHPHQWVGXHWRWKHVKDSHRIWKHV\VWHPPHFKDQLVPWKDW
FKDQJHV IURP WKH URWDWLRQDOPRWLRQ LQWR WUDQVODWLRQDOPRWLRQ
DQGRWKHUZLVHUHSHDWHGO\8VLQJWKHWULJRQRPHWULFDSSURDFKZH
FDQGHWHUPLQHWKHSRVLWLRQRIWKHMRLQWVORWSRLQWIRUHDFKRIWKH
DQJOHJURXSVXVLQJ(T DQG 7KHVHHTXDWLRQVKDVEHHQ
YDOLGDWHGPDQXDOO\XVLQJUXOHUDQGSURWDFWRU
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
7R HVWLPDWH WKH SRZHU UHTXLUHPHQWV WR KROG 5&36 VORW
VWDWLFDOO\(TLVGHULYHGE\VXEWLWXWLQJ(TWR(T
 ߬௘ ൒ ߬௠ ֞ ௉ǤKǤ଺଴ఠǤଶగ ൒ ݉Ǥ ݃Ǥ ݎ 
%\DVVXPLQJWKDWWKHYDOXHVRIZ, g, S, KDUHFRQVWDQWDQG
mc LV D YDULDEOH WKHQ (T  FRXOG EH GHULYHG WR IXUWKHU
FDOFXODWH WKHPLQLPXPSRZHU UHTXLUHPHQW WR KROG5&36 DV
VKRZQLQ(T
 ܲ ൒ ݉௦݃߱ʹߨ ሺ௠೎ಲ௥ಲା௠೎ಳ௥ಳା௠೎಴௥಴ା௠೎ವ௥ವା௠೎ಶ௥ಶା௠೎ಷ௥ಷሻK଺଴  
ZKHUH߱LVWKHURWDWLRQDOVSHHGRIWKHPRWRUUSPms LVWKH
VORWPDVV݉௖ூLVWKHFDUPDVVLQWKHVORWIDQGݎூLVxYDOXHRIWKHJUDYLW\GURSSRLQWIRUHDFKSRVLWLRQRIWKHVORWMRLQWIZLWK
ܫ ൌ  ሼܣǡ ܤǡ ܥǡ ܦǡ ܧሽ6ORW%DQG&KDYHr =xmaxLHFPVORW
(DQG)LVFPDQGVORW'LVFP
7DEOH,,VKRZVWKHVLPXODWLRQSDUDPHWHUVIRU(T7KH
H[DPSOHYDOXHRIWKHFDUPDVV݉௖DQGWKHURWDWLRQDOVSHHG߱
ZHUH WDNHQIURP>@ ZKLOH WKHPDVVRI VORW ݉௦DQGPRWRU
HIILFLHQF\KZDVREWDLQHGEDVHGRQRXURZQDVVXPSWLRQ
7$%/(,,6,08/$7,213$5$0(7(56
1R 3DUDPHWHU 9DOXH
 0DVVRIFDUV݉௖ NJ
 0DVVRIVORW݉௦ NJ
 5RWDWLRQVSHHG߱ PV
 0RWRU(IILFLHQF\ڦ 

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%DVHGRQ7DEOH,,ZHFRQGXFWHGH[WHQVLYHVLPXODWLRQ(T
 DQG  ZHUH XVHG WR REWDLQHG WKH SRVLWLRQ RI VORW MRLQW
FRRUGLQDWHV[\7KHFRRUGLQDWHSRVLWLRQVDUHREWDLQHGIURP
WKHDQJOHUDQJLQJLQIURPRWRR7KHFDOFXODWHGYDOXHVDUH
WKHQ SORWWHG DQG FRPSDUHG WR WKH PDQXDO WUDMHFWRU\ )LJ 
VKRZVWKHVLPXODWLRQHUURU

)LJ6LPXODWLRQ(UURU

)LJVKRZVWKDW(TDQGDUHYDOLG7KHUHGOLQHLVWKH
PDQXDOWUDMHFWRU\ZKLOHWKHEODFNOLQHLVREWDLQHGIURP(T
DQG7KHUHDUHWZRVPDOOHUURUYLVLEOHZKLFKLVWKHHUURULQ
WKHSRVLWLYH[D[LVLQWKHUDQJHRIRWRRDQGWKHHUURULQ
WKHQHJDWLYH[D[LVLQWKHUDQJHRIRWRRDVKLJKOLJKWHG
LQ)LJDQG0D[LPXPHUURURIRFFXUVDWWKHDQJOHRI
R

)LJ(UURULQWKHDQJOHUDQJHRIRWRR

)LJ(UURULQWKHDQJOHUDQJHRIRWRR
7KH QH[W VLPXODWLRQ LV WR ILQGPLQLPXP SRZHU UHTXLUHG
7KHUHTXLUHGSRZHULVUHODWHGWRWKHHOHFWULFWRUTXH߬௘DQGWKH
PHFKDQLFDOWRUTXH߬௠DVGHVFULEHGLQ(T6LPXODWLRQLVFRQGXFWHGE\YDU\LQJQXPEHURISDUNLQJVORWVRFFXSLHG7KLV
VLPXODWLRQRQO\HYDOXDWHVWKHLQVWDQWDQHRXVSRZHUUHTXLUHGWR
KROG 5&36 VWDWLFDOO\ DQG QRW GXULQJ WKH URWDWLRQ 7DEOH ,,,
VKRZVWKHVLPXODWLRQRISRZHUUHTXLUHPHQWVZKHQWKHQXPEHU
RISDUNLQJVORWVFDUPDVVmCDQGWKHYDOXHRIxJUDYLW\GURS
SRLQWIRUWKHVORWMRLQWSRVLWLRQrDUHYDULHG7KHSDUNLQJVORW
$%&'(KDVWKHYDOXHRILIWKHSDUWLFXODUVORWLVRFFXSLHG
E\DFDU
%DVHGRQWKHPLQLPXPSRZHUUHTXLUHPHQWVLPXODWLRQWKHUH
DUHIRXUSRVLWLRQRIKLJKHVWYDOXHVLHZDWWKLJKOLJKWHG
E\ UHG FLUFOH LQ 7DEOH ,,, 7KH KLJKHVW SRZHU UHTXLUHG LV
REWDLQHGZKHQHDFKSDUNLQJVORWLVRFFXSLHGE\FDUZLWKZHLJKW
RI  NJ 7KH XQEDODQFHG PHFKDQLFDO SRVLWLRQ FDXVHV WKH
SRZHU UHTXLUHPHQW WR EH KLJKHUZKLOH WKH EDODQFHG SRVLWLRQ
UHTXLUHVSRZHURIZDWW,QVXPPDU\WKHQXPEHURIRFFXSLHG
VORWDQGWKHSRVLWLRQRIWKHVORWZLOODIIHFWWKHSRZHUUHTXLUHGWR
ZLWKVWDQGWKHPHFKDQLFDOORDG
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7KLVSDSHUKDVSUHVHQWHGWKHNLQHPDWLFDQDO\VLVRIURWDU\FDU
SDUNLQJ V\VWHP 0DWKHPDWLFDO HTXDWLRQV KDYH EHHQ GHULYHG
V\VWHPDWLFDOO\WRUHODWHWKHHOHFWULFWRUTXHZLWKWKHPHFKDQLFDO
WRUTXH6XEVHTXHQWO\WKHPLQLPXPSRZHUUHTXLUHGWRURWDWHDQG
ZLWKVWDQGDPHFKDQLFDOORDGKDVEHHQVXFFHVVIXOO\GHULYHG7KH
PD[LPXPHUURUKDVEHHQIRXQGWREHDWWKHDQJOHRIR
0D[LPXPSRZHUUHTXLUHPHQWRIZDWWVRFFXUVZKHQWKHUH
LV XQEDODQFHG ORDG 7KLV HVWLPDWH FRXOG EH XVHG IXUWKHU WR
GHWHUPLQHWKHPRWRUFDSDFLW\
$&.12:/('*0(17
7KHDXWKRUVJUDWHIXOO\DFNQRZOHGJHWKHVXSSRUWSURYLGHGE\
WKH ,QGRQHVLDQ ,QVWLWXWH RI 6FLHQFHV DQG 'HSDUWPHQW RI
(OHFWULFDO DQG &RPSXWHU (QJLQHHULQJ ,QWHUQDWLRQDO ,VODPLF
8QLYHUVLW\0DOD\VLD:HDOVROLNHWRWKDQN0U0XILG5LGKRIRU
WKHIUXLWIXOGLVFXVVLRQDQG0V6LQWDIRUKHUKHOSV
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